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INTRODUCTION TO
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OUTLINE

Kim Holzer, SERC Lisa Drake, DMES

= (Marvelous!) biology

* Management, incentives, and economics
= Solutions

= Relevance to ports



THE PROCESS OF
BIOFOULING:

BIOF/LMS ARE




THE BIOLOGY OF BIOFOULING

Formation of the Cellular contact and Development of a
conditioning film adhesion complex biofilm

%—J

Processes of Biofilm formation

https://www.pnnl.gov/news-media/pnnl-scientists-keep-biofouling-bay



THE BIOLOGY OF BIOFOULING

Formation of the Cellular contact and
conditioning film adhesion

Processes of Biofouling . e e



BIOFOULING
MANAGEMENT

FUEL PENALTY

https://www.historyhit.com/a-timeline-of-the-development-of-maritime-steam-power;

~10% increase in fuel
consumption with a heavy slime
layer (Schultz et al. 2011)




BIOFOULING
MANAGEMENT

REDUCING DOWNTIME

Military readiness

AESTETICS OF CLEAN HULLS

Yachting industry

REDUCING INVASIVE SPECIES

Focus of national and international
guidelines and requlations




TRANSPORT OF INVASIVE
SPECIES BY SHIPS

Historically focused on *ballast water*

However, *biofouling®, appears to be responsible for most of the invasions
- 55% globally, 60% in Australia (commonwealth of Australia 2010)

Zebra and Quagga Mussel Sightings Distribution
Dreissena polymorpha and D. rostriformis bugensis
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Initial Epidemics:
January 1991

........... August 1991
— — February 1992

»¥| @ Zebra mussel occurrences

" Quagga mussel occurrences

\ A Zebra or Quagga mussel occurrences .
' Both species occurrences .o
B Zebra/Quagga mussels eradicated
__ Zebra/Quagga mussels failed

— December 1992

MMWR 1993
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T a -:;,:,{' s Cost of Invasive
VOSSN 108 Type of Years
Aquatic Species/year
Invasions Covered
(USD$)
DIFFICULT TO ASSESS
= No standard methodology
= No universal database 1960-2020 $345B total
o i iFFi Aquatic  Global
Orgamsms/effects difficult to (60 years) At least $23B in 2020
quantify

Cuthbert et al. 2021



Coatings, coatings, coatings
Operations

Cleaning

= Must be compatible with

coating

Most done by divers

= Some underway solutions
available

Frequency of cleaning

Proactive vs. reactive
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BIOFOULING MANAGEMENT
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https://subind.net/coatings/ecospeed/



ROI*

» Hull maintenance

has a return on

tment
" Fuel savings
“GHG

INvVes

- easy and

early win

*Return on investment
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ROI:
NICHE AREAS
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rudder |stern tube dock blocks vertical side bow thrusters
propeller sea chest bilge keel bulbous bow

Jeanne Gunther in Davidson et al.

" Smaller return on investment



BIOFOULING MANAGEMENT:
IN-WATER CLEANING WITH

https://www.ecosubsea.com/sustainable-hull-cleaning



BIOFOULING MANAGEMENT:
HULL CLEANING

MARINE

TECHNOLOGY Magazine Directory Evemts Podcast Videos lllelis'ls_

NEWS

Offshore Energ drographic Subsea Defense Vehicle News

Wendy Laursen,
' Wendy Laursen has more than 20 years of experience as a journalist....

November 6, 2025

Money Pours in for Hull Gleaning
Technology

= Hullbot raised $10.3M (November 2025)
= Neptune Robotics raised $52M (September 2025)




CONFIDENCE
and
TRANSPARENCY



1ISO 20679:2025

Ships and marine technology — Marine
environment protection — Testlng of ship
biofouling in-water cleaning systems

ISO 6319:2026 International

Shlps and marine technology T M.arlne Organization for
Standardization

BIOFOULING
CLEANING STANDARDS
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on ships
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WHAT DOES THIS
MEAN FOR PORTS?




CONCLUSIONS

Kim Holzer, SERC Lisa Drake, DMES

= Biofouling is a common, natural process

= Managing ships’ biofouling has multiple benefits

= More technological solutions (S flowing)

= Requlation, standardization, and transparency

* Port operators can assume that more in-water cleaning or maintenance providers
will be needed in the future
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